In an age of increasing technology, the possibility that typing on a keyboard will replace handwriting raises questions about the future usefulness of handwriting skills. Here we present evidence that brain activation during letter perception is influenced in different, important ways by previous handwriting of letters versus previous typing or tracing of those same letters. Preliterate, five-year old children printed, typed, or traced letters and shapes, then were shown images of these stimuli while undergoing functional MRI scanning. A previously documented ''reading circuit'' was recruited during letter perception only after handwriting-not after typing or tracing experience. These findings demonstrate that handwriting is important for the early recruitment in letter processing of brain regions known to underlie successful reading. Handwriting therefore may facilitate reading acquisition in young children.
Introduction
Reading is a relatively recent development for citizens in general in the history of human cognition, but it has become a crucial skill for functioning in modern society. Thus, understanding the mechanisms underlying reading acquisition during development is an important endeavor for education and public policy as well as for basic science. Individual letter processing is an especially important component of both reading acquisition and skilled reading [57] . In preliterate children, letter recognition is a precursor to proficient reading. Speed and accuracy in naming letters in the preschool years is a better predictor of later reading skill than measures such as letter-sound knowledge [45, 21, 67] . Early delays in letter recognition significantly predict reading disabilities in later grades [52] and contribute to the diagnosis of literacy delays [12] . In accomplished readers, individual letter identification remains a major stage of processing in visual word recognition [8, 63] . In short, the ability to recognize individual letters of the alphabet is a crucial skill for reading.
The processes involved in letter recognition are not well understood, but as in learning to recognize many visual images, letter learning requires that many perceptually dissimilar instances be grouped together in a single, abstract category. For instance, we must learn that: A, a, a and a all refer to the same category of the letter A. During letter perception, we must process and use visual information specifying the relative sizes, locations, orientations and angles of lines in the stimuli, because these features define letter identity. We often use global shape information to categorize non-letter objects, but letter recognition cannot rely only on differences in global shape because different letters -for example, lower case 'b' and 'd' -may have the same global shape and differ only in the orientation of that shape. Thus, whereas most objects can be recognized from a range of different orientations, a change in the orientation of a letter can change the letter's identity. Similarly, whereas we can usually recognize familiar objects despite partial occlusion, even a small amount of occlusion can change the identity of a letter. Therefore, letter recognition is unlike recognition of other objects because we cannot rely solely on global shape information, we are obliged to code and use orientation information, and we cannot ignore even small changes in appearance due to occlusion.
There is substantial evidence that letter perception relies both on global shape and on local feature perception. For instance, the well-known 'global precedence effect', which demonstrates that global shape is processed before local features during letter perception, also demonstrates that local features are still processed, and can interfere with global shape processing-in this case, letters (for review see [40] ). Neuroimaging research further suggested that the right hemisphere processes the low spatial frequencies required for global perception, while the left hemisphere processes higher spatial frequencies used for local feature processing [15] and that this specialized processing occurs after a preliminary visual processing stage of the stimuli, and is therefore affected by top-down processes such as attention [30] . The high spatial frequency information so important in letter recognition 
